lays down a Procedure for the establishment of a list of flavouring substances, the use of which will be authorised to the exclusion of all other substances in the EU. In application of that Regulation, a Register of flavouring substances used in or on foodstuffs in the Member States was adopted by Commission Decision 1999/217/EC (EC, 1999a), as last amended by Commission Decision 2008/478/EC (EC, 2008) . Each flavouring substance is attributed a FLAVIS-number (FL-number) and all substances are divided into 34 chemical groups. Substances within a group should have some metabolic and biological behaviour in common.
Substances which are listed in the Register are to be evaluated according to the evaluation programme laid down in Commission Regulation (EC) No 1565 /2000 (EC, 2000a , which is broadly based on the Opinion of the Scientific Committee on Food (SCF, 1999) . For the submission of data by the manufacturer, deadlines have been established by Commission Regulation (EC) No 622/2002 (EC, 2002b .
After the completion of the evaluation programme the community list of flavouring substances for use in or on foods in the EU shall be adopted (Article 5 (1) of Regulation (EC) No 2232/96) (EC, 1996) .
Flavouring Group Evaluation 19 (FGE.19) contains 360 flavouring substances from the EU Register being alpha,beta-unsaturated aldehydes or ketones and precursors which could give rise to such carbonyl substances via hydrolysis and/or oxidation (EFSA, 2008b) .
The alpha,beta-unsaturated aldehyde and ketone structures were considered by the Panel to be structural alerts for genotoxicity. The Panel noted that there were limited genotoxicity data on these flavouring substances but that positive genotoxicity studies were identified for some substances in the group.
The alpha,beta-unsaturated carbonyls were subdivided into 28 subgroups on the basis of structural similarity (EFSA, 2008b) . In an attempt to decide which of the substances could go through the Procedure, a (quantitative) structure-activity relationship ((Q)SAR) prediction of the genotoxicity of these substances was undertaken considering a number of models (DEREKfW, TOPKAT, DTU-NFI MultiCASE Models and ISS Local Models (Gry et al., 2007) ).
The Panel noted that for most of these models internal and external validation has been performed, but considered that the outcome of these validations was not always extensive enough to appreciate the validity of the predictions of these models for these alpha,beta-unsaturated carbonyls. Therefore, the Panel considered it inappropriate to totally rely on (Q)SAR predictions at this point in time and decided not to take substances through the Procedure based on negative (Q)SAR predictions only.
The Panel took note of the (Q)SAR predictions by using two ISS Local Models (Benigni & Netzeva, 2007a; Benigni & Netzeva, 2007b) and four DTU-NFI MultiCASE Models (Gry et al., 2007; Nikolov et al., 2007) and the fact that there are available data on genotoxicity, in vitro and in vivo, as well as data on carcinogenicity for several substances. The Panel decided that 11 subgroups (1.1.2, 1.1.3, 1.1.4, 2.4, 2.6, 2.7, 3.1, 3.3, 4.1, 4.2 and 4.4) (EFSA, 2008b) should be further examined to determine whether evaluation through the Procedure is feasible. Corresponding to these 11 subgroups 11 Flavouring Group Evaluations (FGEs) were established (FGE.201, 202, 203, 210, 212, 213, 214, 216, 217, 218 and 220) . If the Panel concludes for any substances in these 11
FGEs that they cannot be evaluated using the Procedure then it has to be decided if there is a safety concern for certain substances or if additional data are required in order to finalise the evaluation. If the Panel concludes that a genotoxic potential can be ruled out for the substances they will be merged with structurally related substances in other FGEs and evaluated using the Procedure.
TERMS OF REFERENCE
European Food Safety Authority (EFSA) is requested to carry out a risk assessment on flavouring substances prior to their authorisation and inclusion in a community list according to Commission Regulation (EC) No 1565 /2000 (EC, 2000a A summary of their current evaluation status by the JECFA is given in Table 2 (JECFA, 1999a; JECFA, 2007a) .
The alpha,beta-unsaturated aldehyde and ketone structures are considered by the Panel to be structural alerts for genotoxicity (EFSA, 2008b) . Accordingly, the available data on genotoxic or carcinogenic activity for the 12 alpha,beta-unsaturated ketones [FL-no: 07.007, 07.009, 07.011, 07.036, 07.061, 07.088, 07.091, 07.130, 07.134, 07.170, 07.226 and 07.231], corresponding to 13 substances in FGE.210, will be considered in this FGE.
The Panel has also taken into consideration the outcome of the predictions from five selected (Q)SAR models (Benigni & Netzeva, 2007a; Gry et al., 2007; Nikolov et al., 2007) Table 3 .
Toxicity

(Q)SAR Predictions
In For all of the substances the (Q)SAR models predict negative results in tests for gene mutations, with the restriction that about half of the substance predictions are out of domain for the Mouse lymphoma assay. It is noted that predictions for chromosomal aberrations (CA) are diverging in the sense that for CAs in Chinese hamster ovary cells the predictions are invariably negative (three are out of domain), while for the same endpoint in another but very similar cell type (Chinese hamster lung cells) only for one substance a negative response was predicted. For most of the remaining substances the predictions in the CA (CHL) test were equivocal and four substances were out of domain (See Table 3 ).
Carcinogenicity Studies
No carcinogenicity studies are available for the substances in subgroup 2.4.
Flavouring Group Evaluation 210 (FGE.210)
The EFSA Journal (2009) Study validation and results are presented in Table 5 and 6.
The available in vitro bacterial gene mutation studies with limited validities do not indicate a concern for the tested substances from this group. One of the in vitro tests (Rec assay) is in a system which has limited predictive validity for genotoxicity. An in vivo test with limited validity produced a negative result for gene mutations in Drosophila melanogaster. A limited in vitro test for structural chromosomal damage produced a positive response with alpha-ionone, but a limited in vivo mammalian test for the same endpoint with alpha-ionone gave a negative outcome.
Conclusion on Genotoxicity and Carcinogenicity
The data ((Q)SAR and testing data) are not sufficient to rule out a concern for genotoxicity for these substances.
Conclusions
The Panel concluded that a genotoxic potential of the 13 alpha,beta-unsaturated alicyclic ketones and precursors in the present FGE. 
Flavouring Group Evaluation 210 (FGE.210)
The EFSA Journal (2009) ON-1030, 9-18 
The EFSA Journal (2009) ON-1030, 11-18 (based on intakes calculated by the MSDI approach) (JECFA, 1999a; JECFA, 2007a 2) Thresholds of concern: Class I = 1800, Class II = 540, Class III = 90 µg/person/day.
3) Procedure path A substances can be predicted to be metabolised to innocuous products. Procedure path B substances cannot.
4)
No safety concern based on intake calculated by the MSDI approach of the named compound. 5) Data must be available on the substance or closely related substances to perform a safety evaluation.
Flavouring Group Evaluation 210 (FGE.210)
The EFSA Journal (2009) ON-1030, 12-18 
The EFSA Journal (2009) ON-1030, 16-18 (Wild et al., 1983) Limited validity (only analysis at one time point; no PCE/NCE ratio reported).
Sex-linked recessive lethals
Drosophila melanogaster
Feed 20 mM Negative (Wild et al., 1983) Limited validity (limited reporting, test system considered of limited relevance).
a: Validity of genotoxicity studies:
Valid.
Limited validity (e.g. if certain aspects are not in accordance with OECD guidelines or current standards and / or limited documentation).
Insufficient validity (e.g. if main aspects are not in accordance with any recognised guidelines (e.g. OECD) or current standards and/or inappropriate test system).
Validity cannot be evaluated (e.g. insufficient documentation, short abstract only, too little experimental details provided).
